Abstract Hypohidrotic ectodermal dysplasia (HED) is a type of genodermatosis characterized by the abnormal development of sweat glands, teeth, and hair. The most prevalent form of HED is X-linked hypohidrotic ectodermal dysplasia (XLHED), which is associated with mutations in the EDA gene. The aim of this case report was to describe a family with XLHED with emphasis on differences in orofacial features between members. Family members were systematically evaluated to characterize the pattern of inheritance and clinical features. Dental examination included evaluation of agenesis and abnormal teeth structure. The pedigree of the last seven generations of the family was constructed. Clinical examination and medical history revealed five males affected by HED and nine female as heterozygous carriers. The males exhibited the classic phenotype of XLHED, with dental abnormalities, hypohydrosis, and craniofacial dysmorphologies. The heterozygous carriers of the X-linked gene defect principally exhibited dental agenesis of the lateral maxillary incisors. Careful clinical examination, including dental evaluation, is an important way to detect heterozygous carriers of X-linked HED. Heterozygous parents of patients with HED may also show some features of the disorder. The identification of female carriers results in genetic counseling being offered to affected families, as well as providing adequate treatment as necessary and long-term follow-up of these patients.
Introduction
Hypohidrotic ectodermal dysplasias (HED; OMIM 305100) form a large and complex group of congenital disorders, involving all the Mendelian modes of inheritance, and are characterized by the pathological development and morphogenesis of ectodermal structures [1] [2] [3] . The most prevalent form of HED is X-linked hypohidrotic ectodermal dysplasia (XLHED); however, some families show autosomal dominant or recessive inheritance forms of the disorder [4, 5] . The incidence of HED is estimated to be 1 per 100,000 births. It is characterized by absence or a diminished number of eccrine sweat glands, missing and malformed teeth, and thin and sparse hair. The severity of symptoms can vary between and within families [5, 6] .
The oral phenotype includes multiple congenitally missing teeth, root and crown dysmorphism, mainly conical-shaped crowns, and reduced saliva flow [7, 8] . Microdontia is frequently observed in affected individuals [9] . Moderate to severe taurodontism is known to preferentially affect the second primary mandibular molars in some individuals with HED [10] .
The disease is generally much more apparent in affected men than in carrier women. Female carriers who present with symptoms of XLHED may have defective dentition and stripes of hypotrichosis along the limbs and the back; most females only have mild or ''partial'' involvement and are generally not referred to a physician [11] . The gene responsible for XLHED is localized at Xq12-q13.1 that is associated with the EDA gene, which codes for a transmembrane protein that is expressed by keratinocytes, hair follicles, teeth, and sweat glands. This gene may play a key role in epithelial-mesenchymal signaling, leading to the clinical aspects of the disorder [5, [12] [13] [14] .
The diagnosis of the majority of HED cases within the first year of life should be possible with the identification of recurrent episodes of unexplained hyperthermia, dry and scaly skin, delayed teething, ceruminal clots and recurrent airway infections, and other characteristics (thin, lightly pigmented scalp hair, and decreased sweating). With such key findings, clinicians can place a patient in a syndrome family [1] [2] [3] 15] .
Skin biopsy may show absence or hypoplasia of sweat glands and a reduction of hair follicles and sebaceous glands. Radiographs generally showed hypodontia and dental abnormalities [16] . Specification of mutations can then be done by molecular analysis [11, 12, 17] .
This study describes the clinical features of HED, with emphasis on its orofacial manifestations, by presenting a family affected by XLHED and briefly reviewing the literature on this genetic disorder.
Patients and Methods
The proband, a 5-year-old boy, was identified during routine clinical examination at the Center for Rehabilitation of Craniofacial Anomalies, Minas Gerais State, Brazil. The 
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Head and Neck Pathol (2012) 6:460-466 461 diagnosis was established after clinical examination, and we identify that the boy had hypohidrosis, heat intolerance, hypotrichosis, and missing teeth, and his scalp hair, eyelashes, and eyebrows were sparse and thin, characteristics classically ascribed to HED [1] [2] [3] 15] . After evaluation of this first case, we invited the family to the Center. The dermatological and craniofacial features of other family members were clinically evaluated in order to characterize the pattern of inheritance and clinical features. In this family, there was no history of either exposure to known teratogenic agents or maternal diseases. All pregnancies were described as normal, and no perinatal complications were mentioned. Dental examination included the evaluation of missing teeth and any abnormal structures. The pedigree of the family was constructed using the last seven generations. Panoramic radiographs were also obtained. Informed consent was obtained from the legal guardians of the children and other participants, and the study was approved by the Institutional Ethics Committee.
Results
Analysis of the last seven generations revealed clinical features of HED. No patients had known consanguineous marriages. The family pedigree revealed an X-linked autosomal recessive pattern of transmission. Within the one family, five males were affected by HED and nine females were heterozygous carriers (Fig. 1) . The clinical features of the male HED subjects and the female carriers are presented in Table 1 .
Clinical examination of the males revealed the typical features of HED. The proband (family member VII-4) presented with hypohidrosis, hypotrichosis, and missing teeth. The scalp hair, eyelashes, and eyebrows were sparse and thin. The boy was also heat intolerant. He had a characteristic facial appearance, including a prominent forehead, saddleback nose, protruding lips, and convex nails (Fig. 2) . Clinical examination of the parents revealed agenesis of the lateral maxillary incisors and conical teeth in the mother (family member . No other features of DEH were observed in his parents. A second child was a 4-year-old male (family member VII-5), who was clinically similar to the first case (Fig. 3) . The boy had a characteristic facial appearance, including a prominent forehead, saddle-back nose, and protruding lips. His mother had agenesis of the lateral maxillary incisors, mandibular incisors, and mandibular molar (family member VI-16). Panoramic radiograph of the proband showed the presence of a single tooth forming in the mandibular canine region (Fig. 4a) . In the second boy, oral examination and panoramic radiography showed the presence of one tooth in the maxilla (Fig. 4b) .
Clinical examination of female members showed principally the presence of hypodontia. Figure 5 shows a 5-year-old girl of this family (family member VII-3). Unlike her cousins, she had a normal face and hair. However, oral examination showed agenesis of the lateral maxillary incisors and conical teeth. Moreover, we noted areas of the body without hair, as well as convex nails. The same characteristics were noted in her mother (family member VI-10). Interestingly, evaluation of other women in this family also showed a mild HED phenotype (Table 1) , especially with oral findings, as hypodontia.
We noted that females showed hypodontia, principally with agenesis of the lateral maxillary incisors, but that this was variable, with other teeth being absent in some cases. Normal levels of sweating were reported. The facial aspect was normal in all women evaluated. Based on the pedigree, we suggest that the HED was X-linked, manifesting in males but with a mild phenotype in females.
Initial dental treatment consisted of oral hygiene orientation for the patients and family. After this initial period, fissure sealants were applied and restoration conducted in the girl. For the other female members, restoration, periodontal, and endodontics treatment were considered. Surgery and prosthetic therapy were considered for the boys. The first patient is now rehabilitated with prosthesis for the maxillary and mandibular edentulous arches. The family also received genetic counseling.
Discussion
The clinical diagnosis of HED is easy, especially after the first year of life when medical history and clinical findings become highly characteristic [18] . After the initial diagnosis, the pattern of inheritance should be determined, since X-linked hemizygous males and autosomal recessive forms are not phenotypically distinguishable [19] . One of the main tasks in the case of a patient with HED is to find other possible carriers of the disorder in the patient's family and to analyze the pattern of inheritance [18] . Clinical analyses of the families with XLHED are useful for checking carrier status and also provide information for genetic counseling and diagnosis of other affected members. Therefore, early diagnosis can maximize treatment by ensuring prompt referral to a specialist unit, thereby enabling long-term treatment planning. In a female heterozygous for the XLHED gene, the presence of two different cell lines due to random inactivation (lyonization) of one of the two X chromosomes during embryogenesis results in much variability in the degree of clinical expression of the disorder. Thus, heterozygous females may show no clinical evidence of the disorder [20] or present only minor symptoms [21] . Dental abnormalities (hypodontia, microdontia, cone-shaped incisors), mild hypohidrosis, and mild hypotrichosis are the most commonly described signs in female carriers of XLHED [22] . It is widely believed that these linear characteristics of XLHED in female carriers of EDA mutations are the result of preferential inactivation of one X chromosome carrying the wild-type allele [23] .
In the present study, clinical examination and a medical history were sufficient to identify five males affected by HED. Three mothers of males with HED and six additional females were heterozygous carriers of the X-linked gene defect. Teeth abnormalities were the most constant marker of the disorder in our nine heterozygous females with XLHED. Dental abnormalities can be considered a key feature since they are easily noted at a young age and should lead to diagnostic suspicion [18, 24] . Variability in dental phenotype has been described in heterozygous HED females, with moderate oligodontia, cone-shaped incisors, and delayed dental eruption [8, 18, 25] .
Dental agenesis is found in heterozygous HED females, particularly involving the maxillary lateral incisors, mandibular incisors, and first molars [8, 18, 25] . Interestingly, the higher frequency of tooth agenesis observed in the most . The congenital absence of the majority of teeth is apparent. In the first case, only one tooth is developing in the mandibular canine region. In the second, only one molar is present in the maxilla severe phenotypes is associated with homozygous patients [7, 17] . In this case report, we found two hemizygous male subjects each with only one tooth and heterozygous females with agenesis predominantly of the lateral maxillary incisors. These dental phenotypic manifestations thus play a crucial role in the detection and diagnosis of female carriers [26] .
In our family, heterozygous subjects had either no typical facial features of HED or only mild facial signs of the disorder. Agenesis of the lateral maxillary incisors was present in all heterozygous female carriers. In two cases, we observed areas of sparse body hair and convex nails. Scalp hair is typically thin and light in heterozygous subjects [18] ; however, the degree of hypotrichosis is highly variable [18, 27] . In this study, hypohidrosis was not apparent, except in male subjects, but hypohidrosis is only partial in heterozygous subjects and may not be prominent [18] . Nail dysplasia was observed in one male with HED and in two females, but not in other heterozygous carriers. Some studies have suggested that the variability in the phenotype of XLHED is associated with different mutations in the EDA gene [13, 14] . The genetic variability in this condition may lead to variability in its characteristics, including different dental phenotypes [26] .
The treatment for a patient with ectodermal dysplasia varies and generally depends on age, dental agenesis, degree of malformation of teeth, the growth and development of the stomatognathic system of the patient, and the patient's motivation [28] . Prosthodontic treatment for children with ectodermal dysplasia includes a removable partial denture or complete denture, over-denture, and implants [29] . In this case report, early prosthetic treatment was given to the two boys, as recommend for cooperative children. This early restoration of facial appearance is essential for normal psychological development [28] .
